On the basis of three meta-analyses of randomized controlled trials [13] [14] [15] mesh fixation in total extraperitoneal patch plasty (TEP) can only be recommended in large medial/direct (EHS MIII) hernias [10] .
In the Guidelines of the International Endohernia Society, a recommendation is given for consideration of nonfixation of the mesh in transabdominal preperitoneal patch plasty (TAPP) inguinal hernia repair in types LI, II and MI, II (EHS classification) [9, 10] . For TAPP repair of larger defects (LIII, MIII), the mesh should be fixed [9, 10] . In TAPP inguinal hernia repair, mesh fixation is still used in 66.1% of all primary unilateral cases in men [16] .
Considering the fact that five meta-analyses [17] [18] [19] [20] [21] compared non-penetrating vs. mechanical mesh fixation, highquality evidence could be expected. However, the meta-analyses can only conclude that the evidence is mostly of low or moderate quality, or that more high-quality multicenter studies are needed [22] . In view of the guidelines, fibrin glue should be considered for fixation to minimize the risk of postoperative acute and chronic pain [9, 10] .
In a nationwide registry-based study, no differences were found in the frequency of recurrence and chronic pain between permanent and no/non-permanent fixation of the mesh in endoscopic inguinal hernia repair [23] .
Another registry-based study from the Danish Hernia Database also found no difference in chronic pain after mesh fixation with fibrin glue vs. tacks in TAPP inguinal hernia repair [24] .
The following analysis of data from the Herniamed Registry now investigates the influencing factors for chronic pain in male patients after primary, unilateral inguinal hernia repair in TAPP technique.
Methods
As of October 10, 2016 , 577 participating hospitals and office-based surgeons mainly from Germany, Austria, and Switzerland had entered prospective data into the internet-based Herniamed Hernia Registry on their patients who had undergone routine hernia surgery and signed an informed consent agreeing to participate [25] . As part of the information provided to patients regarding participation in the Herniamed Quality Assurance Study and signing the informed consent declaration, all patients are informed that the treating hospital or medical practice would like to be informed about any problems occurring after the operation and that the patient has the opportunity to attend for clinical examination.
This present study analyzed the prospective data collected for all male patients who had been operated on with an endoscopic TAPP technique for repair of a primary unilateral inguinal hernia in the period September 01, 2009, up to and including September 01, 2015. On 1-year follow-up, the general practitioners and patients were asked through questionnaire about any pain at rest, pain on exertion, and chronic pain requiring treatment. If chronic pain is reported by the general practitioner or patient, patients can be requested to attend for clinical examination. A recent publication has provided impressive evidence of the role of patient-reported outcomes for the identification of chronic pain rates after groin hernia repair [26] . Only those patients for whom 1-year follow-up results were available were included in the analysis. Other inclusion criteria included age ≥ 16 years and only medial/lateral/combined types of inguinal hernia based on the EHS classification [27] .
In total, 20,004 were included in uni-and multivariable analyses for investigation of the influencing factors for the development of chronic pain following TAPP inguinal hernia repair (Fig. 1) .
All analyses were performed with the software SAS 9.4 (SAS Institute Inc. Cary, NC, USA) and intentionally calculated to a full significance level of 5%, i.e., they were not corrected in respect of multiple tests, and each p value ≤ 0.05 represents a significant result.
To first discern differences between the groups in unadjusted analyses, Fisher's exact test was used for categorical outcome variables, and the robust t test (Satterthwaite) for continuous variables. For mesh size (cm 2 ), a logarithmic transformation was applied and the re-transformed mean and range of dispersion are given.
To identify influence factors in multivariable analyses, binary logistic regression models for pain at rest, pain on exertion, and chronic pain requiring treatment were used. Potential influence factors were ASA score (I/II/III/IV), age (years), BMI (kg/m 2 ), mesh size (cm 2 ), defect size (I/II/III), risk factors (yes/no), preoperative pain (yes/no/unknown), EHS classification (lateral/medial/combined), postoperative complication (yes/no), and mesh fixation (no fixation/tacker/ glue). Estimates for odds ratio (OR) and the corresponding 95% confidence interval based on the Wald test were given. For influence variables with more than two categories, pairwise odds ratios were given. For age (years) the 10-year OR estimate, for BMI (kg/m 2 ) the five-point OR estimate, and for mesh size (cm 2 ) the 10-point OR estimate were given. The results are presented in tabular form, sorted by descending impact.
Results
In total, 20,004 patients were included in the analysis exploring the influence exerted by the fixation technique as well as by other influencing variables on the rate of pain at rest, pain on exertion, and chronic pain requiring treatment (Fig. 1 ). Of these, 8799 patients had no fixation (44.0%), 6387 (31.9%) only tacker fixation, and 4818 patients (24.1%) only glue fixation.
The patient group in whom the mesh was fixed with a tacker was on average the oldest and had also the highest BMI (Table 1) . While there were significant differences in age and BMI between the two groups due to the large patient number, these were not clinically relevant. The meshes in the patient group with no fixation were smaller (Table 1) . Besides, meshes with glue fixation had the fewest (8.5%) and meshes with tacker fixation the most (14.1%) ASA III/ Table 2 ). The operations with no fixation were most commonly encountered for small hernia defect sizes (17.4%). As regards the defect localization, for lateral EHS classification no or only glue fixation was mainly used, whereas for medial EHS classification tacker fixation was most common (Table 2 ). Preoperative pain was less common among patients with tacker mesh fixation (59.4%) than in patients with glue mesh fixation (67.3%) or no mesh fixation (66.3%). Drain placement was most commonly used for patients with no mesh fixation (8.4%) . In terms of the risk factors, mesh fixation with tackers or glue was more common in patients who continued to take platelet aggregation inhibitors (6.2 vs. 7.8% and 7.6%) .
Unadjusted analysis of the relationship between the fixation technique and the intra-and postoperative complications, recurrence rate as well as pain at rest, on exertion, and requiring treatment on 1-year follow-up is given in detail in Table 3 . For postoperative complications, pain on exertion and pain requiring treatment differences are identified in relation to the fixation technique used. For postoperative complication these are largely due to an increased seroma rate (no fixation 0.7% vs. tacker fixation 2.1% vs. glue fixation 3.9%). For operations with no mesh fixation, the rate of pain on exertion (no fixation 10.1% vs. tacker fixation 9.4% vs. glue fixation 8.8%) and pain requiring treatment (no fixation 3.0% vs. tacker fixation 2.4% vs. glue fixation 2.3%) was somewhat higher than in the groups with tacker or glue mesh fixation. Tables 2 and 3 show, in some cases, significant differences in the influencing factors and thus also in outcomes in relation to fixation vs. non-fixation. Accordingly, the unadjusted analysis results permit only limited comparability and therefore call for multivariable analysis.
Multivariable analysis Pain at rest on 1-year follow-up
The results of analysis of pain at rest on 1-year follow-up are summarized in Table 4 (model fitting: p < 0.001). Pain at rest was highly significantly influenced by the presence of preoperative pain, by age, BMI, and the hernia defect size (in each case p < 0.001). In higher age 0.924 
Pain on exertion on 1-year follow-up
Pain on exertion on 1-year follow-up, whose analysis results are summarized in The use of a larger mesh reduced the risk of pain on exertion 0.997] ; p = 0.031). There was also evidence of the influence of the fixation technique, (p = 0.037), revealing that tacker compared with glue fixation led to a higher rate of pain on exertion (OR 1.192 [1.043; 1.362] ; p = 0.010).
Chronic pain requiring treatment on 1-year follow-up
The results of analysis of the influencing factors for pain requiring treatment are shown in Table 6 (model fitting: p < 0.001). Here, too, the risk of onset of chronic pain requiring treatment was highly significantly affected by the hernia defect size, age, BMI, and preoperative pain (in each case p < 0.001). The rate of chronic pain requiring treatment was, in particular, negatively influenced by small defect sizes (I vs 
Additional analysis
An additional analysis was included to show, not only qualitatively but also quantitatively, the results for the impact of age and BMI on chronic pain. This revealed that age ≤ 40 years was associated with the highest rates of pain at rest (6.4%), pain on exertion (13.7%), and pain requiring treatment (3.6%) on 1-year follow-up. Patients between > 40 and 60 years had mean pain rates (5.5, 11.6, and 3.1%, respectively) and patients > 60 years had the lowest pain rates (3.9, 6.0, and 1.8%, respectively 
Discussion
The present analysis of data from the Herniamed Hernia Registry for 20,004 male patients with elective primary, unilateral inguinal hernia repair in TAPP technique and with 1-year follow-up results has once again confirmed that, as reported in the literature, a pain at rest rate of 4-5%, pain on exertion of 8-10%, and pain requiring treatment of 2-3% must be expected [1] [2] [3] [4] [5] [6] . In this selected patient group with laparoscopic inguinal hernia repair of exclusively male patients with primary unilateral inguinal hernia, it was also demonstrated that, as in the literature [1] [2] [3] [4] [5] [6] , young age (≤ 40 years) and preoperative pain are important influencing factors for onset of chronic pain. The present multivariable analysis has revealed that pain at rest, pain on exertion, and chronic pain requiring treatment was highly affected by preoperative pain and young age. But that was also true for small hernia defects. For a small hernia defect the risk of pain at rest, on exertion, and requiring treatment appeared to be highly significantly greater than for a large hernia defect. One explanation for this could be that a patient who is willing to undergo surgery for even a smaller inguinal hernia is more sensitive to pain [1] , and already experiences preoperative pain. But the issue of the indication for surgery must also be addressed. Was the inguinal pain really related to a small inguinal hernia or was this due to other causes that also persisted after inguinal hernia repair? Other causes of inguinal pain must be effectively ruled out. This clearly demonstrates that young patients with a small inguinal hernia (EHS I: < 1.5 cm) and inguinal pain are at highest risk for onset of chronic pain following laparoscopic inguinal hernia repair. Accordingly, a well-founded indication for surgery is of strictly crucial importance for these patients. The patient should definitely be made aware of this before signing the declaration of informed consent form for surgery. If the indication is correct, the operation should be performed in accordance with the evidence-based guidelines for the TAPP technique [9, 10] .
Likewise, patients with higher BMI value (≥ 25.0) had a highly significant influence on the risk of pain at rest, on exertion, and chronic pain requiring treatment after TAPP operation. Overweight or obesity, in particular in male patients makes additional demands on the surgeon during conduct of TAPP. Therefore commensurate caution must be exercised when performing surgery for overweight patients.
In addition to the most important influencing factors for onset of chronic pain after laparoscopic inguinal hernia surgery (young age, preoperative pain, small hernia defect, and higher BMI), there are other factors affecting onset of chronic pain. These include postoperative complications and the use of penetrating tackers for mesh fixation. As demonstrated in five meta-analyses, the use of penetrating mesh fixation compared with glue fixation led to significantly more chronic inguinal pain [17] [18] [19] [20] [21] , but the evidence is mostly of low or moderate quality. Unlike the aforementioned meta-analyses, on comparing tack mesh fixation vs. non-fixation Sajid et al. [15] did not find any difference in the chronic pain rates. Likewise, a registry-based Danish study did not find any difference in chronic pain rates after TAPP operation on comparing mesh fixation with fibrin glue vs. tacks [24] . In our study, the influence of penetrating tacks on chronic pain was only confirmed for pain on exertion on comparing non-fixation vs. tack fixation. In their systematic review, Lederhuber et al. [22] concluded that there is still a lack of high-quality evidence for differences between the assessed mesh fixation techniques. Therefore, more highquality multicenter studies are needed [22] . The findings of our study at least suggest that other factors, such as a small hernia, preoperative pain, younger age, and higher BMI, have a greater impact on the development of chronic pain than does the fixation technique. Likewise, postoperative complications can trigger inguinal pain. Therefore, an appropriate response must be taken to any development of postoperative complications after TAPP operation to prevent the onset of chronic inguinal pain.
The potential weakness of this study is its non-randomization and the voluntary participation in the internet-based registration. These could lead to selection bias, which can be balanced by the large case number of the study. Furthermore, the registry does not contain any data on how the peritoneum was closed.
In summary, it can be stated that there are several influencing factors for pain at rest, on exertion, and chronic pain requiring treatment following primary unilateral inguinal guidelines for evidence-based conduct of TAPP, it may be possible to prevent chronic pain after TAPP operation.
